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[57) ABSTRACT

The kinetic energy generated by the rapidly moving
contact and coupled operating mechanism of a tripped
circuit breaker or similar apparatus is dissipated by a
compressible shock-absorbing assembly comprising a
loose stack of freely-movable magnetized metal plates
which 1s mounted in laterally-extending position on a
stationary upstanding part of the breaker and is struck
by a lever fastened to the main operating shaft of the
breaker operating mechanism. The metal plates are
freely movable toward and away from one another and
are s0 magnetized that adjacent plates repel one an-
other. The plates are accordingly normally spaced from
each other and produce a series of sequentially-occur-
ring impacts and collisions between the plates and the
advancing striker lever when the breaker is tripped.
The resulting series of momentum exchanges between
adjacent plates and the lever quickly dissipates the ki-

netic energy developed by the trip sequence and brings
the breaker operating mechanism and movable contact

of the breaker to a smooth stop. The compressible mul-
tiple-impact assembly provides a compact shock ab-
sorbing means that is especially adapted for use in me-
dium voltage circuit breakers (5 to 35 KV rating) of
various types which is not only durable and efficient but
very inexpensive and reliable. The improved shock
absorber is also adapted for use in guns and the like
which require a suttable means for counteracting the
recoil produced when the gun 1s fired. In an alternative
embodiment the metal plates are magnetized by induc-
tion using a permanent magnet or an electromagnet that
is mounted within the circuit breaker and has pole
pieces located on opposite sides of the stack of metal
plates.

4 Claims, 9 Drawing Figures

40 | )

AAA

Nl

~

N
Z

¢«
A
(i



U.S. Patent 0ct.6,1987  Sheet1of5 4,698,470




U.S. Patent Oct. 6, 1987 Sheet 2 of 5 4,698,470




U.S. Patent Oct6,1987  Sheet3ofs  4,698.470

FIG. 4

FIG. 3
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MULTIPLE-IMPACT SHOCK-ABSORBING
ASSEMBLY FOR CIRCUIT INTERRUPTER AND
OTHER APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application discloses and claims a multiple-
impact shock-absorbing assembly that constitutes an

improvement over related subject matter disclosed and 10

claimed in copending application Ser. No. 640,425 of
the present inventor filed Aug. 13, 1984 entitled “Multi-
ple-Impact Shock Absorbing Means for Circuit Inter-
rupter and Other Apparatus” (now U.S. Pat. No.
4,612,429 1ssued Sept. 16, 1986), which application 1s

assigned to the assignee of this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Thits invention generally relates to the shock-absorb-
ing art and, more particularly, to a mechanical-impact
type shock-absorbing assembly for a circuit interrupter
which rapidly dissipates the kinetic energy of the mov-
able contact and its operating mechanism during the
opening stroke of the interrupter.

2. Description of the Prior Art

As 1s well known, power circuit interrupters or
breakers generally comprise a pair of separable contacts
that are operated within an enclosure which provides an
insulating means (a vacuum, SF¢ gas, oil, etc.) that effi-
ciently extinguishes the arc generated when the
contacts are forceably separated and then prevents the
arc from restriking as the contacts continue to be rap-
1dly opened until they are spaced a predetermined dis-
tance apart. The contact-opening operation, once trig-
gered by a suitable signal means (manual or automatic)
and trip mechanism, is completed in as short an interval
of time as 1s mechanically possible in order to provide
maximum protection to the power transmission line and
assoclated equipment.

. A major problem in the design of such power circuit
breakers 1s the provision of suitable means for not only
dissipating the kinetic energy of the movable contact
and associated moving parts of the breaker during the
contact-opening stroke but controlling the motion and
rest positions of these components. The amount of over-
ride beyond the ideal rest position of the movable
contact and the distance that the contact rebounds from
“such rest position, when the breaker is tripped, is deter-
mined by the mechanical, electrical and thermodynamic
characteristics of the breaker and must not exceed cer-
tain limits if the breaker is to operate properly. More-
over, due to the large size and mass of the contacts and
the related moving parts of the circuit interrupter, the
severe mechanical strains improsed on the operating
mechanism and associated stationary parts of the inter-
rupter by the rapid deceleration of the moving contact
and operating mechanism must be kept within safe lim-
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rather complicated in construction and required peri-
odic maintenance and inspection to insure that they
were in good operating condition and properly ad-
justed. Moreover, they were not as cost-effective as the
device described hereinafter.

An energy-absorbing stop assembly for an air-borne
magnetic field detector which employs springs and a
viscous damping liquid is disclosed in U.S. Pat. No.
3,674,251 (Tirabassi). Various other types of stop and
shock-absorbing devices having resilient components
are disclosed in U.S. Pat. Nos. 4,064,383 (Barkan);
4,267,419 (Maier et al.); and 4,491,709 (Chabot et al.).

SUMMARY OF THE INVENTION

The present invention avoids the cost and other dis-
advantages of the shock-absorbing devices used in the
prior art circuit interrupters and other apparatus by
providing an energy-dissipating means which is simple,
reliable, durable, compact and very inexpensive. In
accordance with a preferred embodiment of the inven-
tion, the kinetic energy of the moving contact and cou-
pled parts of the breaker operating mechanism is ab-
sorbed and quickly dissipated by means of a series of
momentum exchanges that occur within a stack of metal
plates of magnetic material that are separated from each
other by a magnetic field and are free to move relative
to one another in a direction transverse to the planes of
the plates—that is, along a path that extends in substan-
tially the same direction as the axis along which the
plates are stacked and struck.

In contrast to the multiple-impact shockabsorbing
assembly disclosed and claimed in the aforementioned
copending application Ser. No. 640,425 now U.S. Pat.
No. 4,612,429, which employs interposed springs or
other restlient components to separate the plates one
from another, the required spacing between adjacent
metal plates in the stack is achieved in accordance with
the present invention by employing a magnetic field
which acts in such a manner that adjacent plates mag--
netically repel one another when the plates are assem-

~ bled 1n loosely-stacked array. The magnetic field is
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its to avoid excessive mechanical stressing of the operat- .

ing components and support structure of the inter-
rupter.

It 1s known in the prior art to use various kinds of
shock absorbers to dissipate the kinetic energy of the
moving parts of a circuit interrupter in a controlled
fashion during the contact-opening operation. Such
prior art shock absorbers were of the hydraulic, pneu-
matic, strain energy or friction type and, while gener-
ally satisfactory from a functional standpoint, they were
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‘produced by permanently magnetizing the individual

plates (prior to stacking) or by by electromagnet or
permanent magnet that 1s mounted in the circuit breaker
housing and has a pair of pole pieces that are located on
opposite sides of the stack of metal plates and magnetize
the individual plates by induction. Plate separation is
facilitated by positioning the stack of magnetized plates
in a substantially horizontal position within the circuit
breaker and holding them in loosely stacked array with
lubricated non-magnetic guide members.

A lever attached to the main operating shaft of the
circuit breaker is suitably positioned and movable along
a path such that the end of the lever strikes the stack of
magnetically-separated metal plates at a predetermined
time during the contact-opening stroke of the operating
mechanism after the circuit breaker has been tripped.
The resultant sudden compression of the stacked assem-
bly of plates produces a series of sequential shock-
absorbing interactions and momentum-exchanging im-
pacts between the advancing lever and plates (and be-
tween the plates themselves) that rapidly dissipates the
kinetic energy and brings the lever and breaker operat-
ing mechanism (and thus the movable contact) to a
smooth stop.

The unique “energy-quenching” effect produced by
the multiple collisions of the magnetically-separated
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plates in the stack is such that the breaker contact over-
ride and rebound are well within the the specification
limits. Since the magnetized metal plates can be readily
manufactured and assembled and provides the required
series of sequential impacts and momentum exchanges
without any interposed springs or other resilient com-
ponents, the improved multiple-impact shock absorber
provided by the present invention is not only very eco-
nomical but is compact, reliable, durable and requires
no maintenance or adjustments once it has been In-
stalled in the circuit breaker.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the invention will be ob-
tained by referring to the exemplary embodiments
shown in the accompanying drawing, wherein:

FIG. 1 is a front perspective view of a metal-clad
multi-section switchgear assembly which contains vac-
uum type circuit interrupters that are fitted with the
improved shock-absorbing structure of the present in-
vention, the circuit interrupter units being shown in
their withdrawn exposed positions relative to the metal
enclosure;

FIG. 2 is a side perspective view of the withdrawn
circuit interrupter umits of the switchgear apparatus
shown in FIG. 1;

FIG. 3 is an enlarged side elevational view, partly in
section, of one.of the vacuum circuit interrupter units of
the switchgear assembly illustrating the manner In
which the movable contact and operating mechanism of
the interrupter are operatively coupled to the multiple-
impact shock-absorbing assembly of the present inven-
tion:

FIG. 4 is an elevational view of the striker lever and
shock-absorbing assembly taken along line IV—IV of
FI1G. 3;

FIG. 5 is an enlarged side elevational view of the
striker lever and the shock-absorbing assembly mn re-
laxed condition with the magnetized plates separated
from one another (contact-closed position);

FIG. 61s a similar view of the shock-absorbing assem-
bly with the magnetized plates compressed by the
striker lever at the end of the opening stroke of the
circuit breaker (contaci-open condition);

FIGS. 7 and 8 are enlarged diagrammatic views of
the shock-absorber assembly illustrating two different
modes of plate magnetization and the resulting mag-
netic flux patterns, the plate-holding means being omit-
ted for illustrative purposes; and

FIG. 9 is an elevational diagrammatic view of an-
other embodiment of the shock-absorbing assembly in
which magnetization of the metal plates is achieved by
magnets that are external to the plate stack, the mag-
netic flux patterns again being shown for purposes of
illustration.

BRIEF DESCRIPTION OF THE PREFERRED
' EMBODIMENTS

While the invention can be employed 1n various types
of switchgear and other apparatus (such as guns, for
example) that require a compact reliable shock-absorb-
ing means to arrest the movement of an electrical
contact and/or parts of an operating {or recoil) mecha-
nism which are driven aparat at high speed when the
apparatus is tripped or activated, it is especially adapted
for use in power circuit breakers of various types, such
as gas-blast, oil, or magnetic air-brake breakers. How-
ever, the invention as here described and illustrated 1s
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4

incorporated in a vacuum type circuit breaker of me-
dium voltage rating.

Referring now to the drawings in detail, in FIGS. 1
and 2 there is shown a metal-clad switchgear assembly
10 which includes a metal cabinet or enclosure 12 hav-
ing a pair of vertically arranged three-phase circuit
interrupter units 14 and 15 that are adapted to be drawn
out of the enclosure for servicing or inspection in the
manner illustrated. The circuit interrupter units 14 and
15 are movably mounted on wheels 16 and retractable
rails 18 so that the units can be pulled out of the metal
enclosure 12 and then returned into operating position
as required. The circuit interrupter units 14 and 15 in-
clude vacuum type circuit interrupter components 20
(shown in FIG. 2) which are electrically connected to
three-phase terminals 22 and 24 disposed to make elec-
trical contact with primary terminals (not shown) in the
rear of the metal enclosure 12 when the circuit inter-
rupter units are pushed into the metal enclosure and
firmly seated in their normal operating positions in the
manner well known in the art.

As shown in FIG. 3, each of the circuit interrupter
components 20 consists of a pair of electrically conduct-
ing end plates 23, 25 that are fastened to an insulating
cylinder 26 to form a vacuum chamber that contains a
pair of separable electrical contacts 28, 30. Contact 28 is
stationary and supported within the vacuum chamber
by a contact stem 29 that extends through the end plate
23 and is connected to the associated three-phase termai-
nal 24 by a suitable conductor assembly 32. Contact 30
is reciprocally movable (as indicated by the arrow) and
supported by another contact stem 31 that is recipro-
cally movable along the axis of the cylinder 26 and
secured to the associated end plate 25 by a suitable
bellows (not shown) which expands and conatracts to
permit the contact 30 and its stem 31 to move toward
and away from the stationary contact 28 without rup-
turing the vacuum housing. Contact stem 31 1s con-
nected to the other three-phase terminal 22 by another
conductor assembly 33 which has an angularly bent
medial portion that provides the required flexibility to
accommodate the movement of the contact stem 31 and
contact 30 during the make-circuit and break-circuit
operation of the circuit interrupter unit 15.

The movable contact 30 and its support stem 31 are
actuated by the customary trip and spring-powered
operating mechanisms (not shown) which are housed in
the front compartment 13 of the interrupter unit 15 and
rotate a main operating shaft 34 that extends laterally
along the lower portion of the compartment. Rotation
of the operating shaft 34 in a counterclockwise direc-
tion (as viewed in FIG. 3) moves a link 35 which is
coupled to a lever arm 36 in such a way that the lever
arm is reciprocally driven toward the front panel 17 of
the interrupter unit 15. This movement is transferred to
the movable stem 31 by a second link 37 which 1s so
arranged that the stem 31 and its contact 30 are rapidly
pulled downward, thus separating the contacts 28, 30
and interrupting the circuit. The sudden opening of the
contacts 28, 30 creates an arc which extinguishes on the
next occurring zero due to the insulating dielectric
properties of the vacuum in which the contacts are
disposed. The operating shaft 34 continues rotating until
the contacts 28, 30 are spaced a predetermined distance
apart.

The circuit-reclosing cycle is achieved by the reverse-
movement of the operating mechanism and main shaft
34 which advances the movable contact 30 toward the
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stationary contact 28 and finally seats it in firm abutting
engagement therewith (as indicated by the phantom
depiction of the electrodes in FIG. 3). This circuit-
reclosing operation simultaneously compresses and
cocks the driving spring (not shown) of the operating
mechanism which rapidly actuates and accelerates the
movable contact 30 during the contact-opening stroke
of the tripped breaker when the main operating shaft 34
is rapidly rotated and such movement is transferred to
the movable contact 30 through the coupling system
previously described.

Various shield arrangements may also be provided
within the vacuum chamber of the interrupter compo-
nent 20 to prevent vaporized metal material from being
deposited on the inner walls of the insulating cylinder
26 and the portion of the bellows that extends into the
vacuum chamber, as will be apparent to those skilled 1n
the art.

In accordance with the present invention, the kinetic
energy generated by the movable contact 30, the main
operating shaft 34, and the other components of the
breaker operating mechanism that are coupled to the
movable contact 30 is rapidly dissipated during the
opening stroke of the breaker by a compressible multi-
ple-impact shock-absorbing assembly 40 that is mounted
on the back panel 19 of the circuit breaker unit 15 adja-
cent the operating shaft 34 and extends laterally along
the bottom portion of the breaker compartment 13, as
illustrated in FIG. 3. The support member 21 that forms
the bottom panel of the support chassis extends up-
wardly along and reinforces the part of the back panel
19 that is secured to and serves as a base for the shock-
absorbing assembly 40. As shown, the shock-absorbing
assembly 40 comprises a series of discrete bodies of
durable dense magnetizable material such as a plurality
of steel plates 41 that are held in loosely stacked rela-
tionship along a substantially horizontal axis by a pair of
elongated pin-like guide members such as a pair of bolts
42 of non-magnetic material, only one of which is
shown in FIG. 3. Each of the steel plates 41 is magne-
tized in such a fashion that adjacent plates repel one
another. The magnetized metal plates 41 are thus spaced
from one another when the shock-absorbing assembly
40 1s 1n relaxed “dormant” condition. The stack of metal
plates 41 is so positioned within the breaker unit 15 that
a suitable striker member such as a metal lever 44 rig-
idly attached to the main operating shaft 34 swings
toward the stack along an arcuate path (as indicated by
the arrow) during the contact-opening stroke of the
breaker and strikes the first plate 41 in the stack.

The angular position of both the main operating shaft
34 and striker lever 44 bear a fixed relation to the posi-
tion of the movable breaker contact 30 so that at a pre-
determined time during the contact-opening stroke, the
head 45 of the lever 44 hits the first plate 41 in the stack

which comprises the shock-absorbing assembly 40 and

initiates the shock-absorbing action.

As shown in FIG. 4, the plates 41 are rectangular in
shape and the guide bolts 42 of non-magnetic metal
which hold the plates 41 in loosely-stacked array are
spaced apart a distance sufficient to permit the head 45
of the striker lever 44 to pass between the bolts 42 and
hit the stack of plates 41 when the breaker unit 15 is
tripped and the main operating shaft 34 is rotated. The
bolts 42 make a loose sliding fit with aligned U-shaped
slots 43 provided at opposite side edges of each of the
plates 41. The heads of the bolts 42 are provided with
washers to prevent the plates 41 from slipping off the
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bolts 42 and the bolts are lubricated to minimize friction
as the plates 41 slide along the bolts 42. While the plates
41 as illustrated are of rectangular shape and the same
size and thickness, these features are not critical and
may be altered as long as the plates 41 fit within the
available space in the breaker unit 15 and are freely
shidable toward and away from each other along the
guide bolts 42 or other suitable non-magnetic holder
means.

As shown in FIQG. 5, when the breaker contacts 28, 30
are closed and the striker lever 44 is in its retracted
position, the shock-absorbing assembly 40 is in dormant
“expanded” condition with the individual metal plates
41 magnetically repulsed from each other and spaced
uniform distances apart.

However, after the circuit breaker unit 15 has been
tripped and 1s in contact-open condition, the operating
mechanism and main drive shaft 34 of the breaker have
swung the striker lever 44 through an arc such that the
head 45 of the iever is in contact with the exposed plate
41 at the end of the multiple-impact shock-absorber
assembly 40 and the stack of plates 41 is collapsed with
adjacent plates in intimate contact with each other.
When the breaker unit 15 is reclosed and the striker
lever 44 has been retracted, the magnetized steel plates

. 41 again repel each other and such repulsion automati-
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cally resets the plates 41 in their original spaced-apart
relationship and returns the shock-absorbing assembly
to 1ts relaxed “expanded” condition. |

OPERATION OF SHOCK-ABSORBING
ASSEMBLY

When the lever 44 strikes the end plate 41 of the
horizontally-disposed shock-absorbing assembly 40 at a
predetermined time during the contact-opening stroke
of the circuit breaker unit 15, this first impact of the
metal lever 44 causes some of the kinetic energy to be
transferred to the end plate 41 and resuits in a small total
energy loss due to the imperfect restitution properties of
the plate and lever materials. The net result is that the
first impact of the striker lever 44 with the stacked
plates 41 reduces the velocity of the lever and, due to
the small mass of the plate, propels the end plate 41
away from the lever 44 at a speed greater than that of
the lever. As a result of this momentum exchange, the
end plate 41 overcomes the magnetic repulsive force
separating it from the adjacent plate and thus collides

- with the next plate in the stack.

Since the plates 41 are of the same shape and size,
they each have the same weight or mass. The collision
of the first two plates 41 thus brings the end plate to a
standstill and the second plate in the stack is propelled
toward the third plate at about the same speed or veloc-
ity at which the end plate was traveling before it im-
pacted the second plate. The second plate, in turn, is
stopped and brought to rest after it overcomes the mag-
netic repulsive force and collides with the third plate in
the stack. These sequential plate collisions proceed at
rapid speed through the stack until the last plate in the
stack 1s impacted. Since this plate is fixed in place and
stationary, the adjacent plate rebounds after hitting it
and thus moves in the reverse direction back toward the
next plate in the stack.

As the succession of impacts rapidly proceeds back
and forth through the stack of plates 41, the striker lever
44 attached to the main operating shaft 34 continues to
move laterally at a reduced speed due to its first impact
with the end plate 41 and then again strikes the end
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plate 41 which has been brought to rest and 1s stationary
as a result of its previous impact with the second plate
in the stack. As a result of this second impact of the
striker lever 44 with the end plate 41, additional kinetic
energy is transferred from the lever 44 to the end plate
41 and the series of impacts and momentum-exchanges
between each pair of successive plates proceeds in the
same manner as described previously, until the next to
the last plate in the stack is reached. This plate may, at
this time, be moving slowly away from the last plate or
it may be almost in contact with the last plate.

While these sequentially-occurring plate coliisions
and momentum-exchanges are taking place, the lever 44
strikes the end plate 41 for a third time which produces
another succession of impacts between the other plates
41 in the stack. After the fourth, fifth, sixth or possibly
seventh collision and momentum exchange between the
striker lever 44 and the end plate 41, the speed of the
lever 44 will have been progressively decreased until
the lever and the coupled operating shaft 34 and mov-
able contact 30 are brought to rest within a predeter-
mined period of time and travel distance. The decelera-
tion is achieved in such a manner that the contact over-
ride and the rebound effect are well within the toler-
ance limits set for the interrupter unit 15.

The sole function of the magnetic repulsive force is to
keep the metal plates 41 spaced a small distance apart
rather than to absorb any significant amount of kinetic
energy when the shock-absorbing assembly 40 is struck
and compressed. The energy-dissipating effect of this
magnetic force has accordingly not been mentioned 1n
the aforesaid description of the series of multiple colli-
sions and momentum-exchange impacts between the
stacked plates 41 and striker lever 44. The conversion of
some of the kinetic energy into heat and noise during
each plate-to-plate collision as a result of the imperfect
restitution properties of the materials has also been
omitted from the description of the sequential lever-
plate interactions in the interest of brevity.

It will accordingly be apparent to those skilled 1n the
art that the multiple-impact shock-absorbing assembly
40 of the present invention achieves the desired rapid
and smooth deceleration of the striker lever 44 (and
hence the movable contact 30 and associated coupled
operating parts of the interrupter unit 15) by decreasing
the velocity of the contact 30 and lever 44 through a
series of impacts and momentum exchanges between the
total equivalent mass of the interrupter components and
the much smaller mass of the end plate 41 in the stack-
—and the resultant concomitant removal and dissipa-
tion of the kinetic energy by the mutliple collistons and
momentum exchanges which sequentially occur be-
tween adjacent pairs of the plates 41 within the stack as
a result of each of the subsequent impacts between the
advancing striker lever 44 and end plate 41.

The invention is not limited to a compressible multi-
ple-impact shock-absorbing assembly 40 of the type
illustrated in FIGS. 3-6 wherein a stack of ten steel
plates 41 are employed. The number of plates will vary

depending upon the total amount of kinetic energy to be 60

dissipated which, in turn, is determined by the size of
the circuit interrupter apparatus and the total equivalent
mass of the movable contact and associated moving
parts of the operating mechanism of the interrupter
which must be brought to rest. While the mass of the
steel plates is not especially critical, for satisfactory
results the mass of each plate should be equal to but no
smaller than about 1/100 of the total equivalent mass of
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the movable contact and other moving parts of the
interrupter.

SPECIFIC EXAMPLE

Tests have shown that the compressible multiple-
impact shock-absorbing assembly of the present inven-
tion is especially adapted for use in vacuum type circuit
breakers in the medium voltage range (that is from
about 5 to 35 kilovolts). For a 15 KV circuit interrupter
having a driving spring and operating mechanism that
generated a energy of approximately 50 to 150 foot
pounds which opened the contacts (when the inter-
rupter was tripped) and swung the striking lever of the
operating mechanism a distance of approximately 25
millimeters, a stack containing from seven to ten plates
was required to provide the proper shock-absorbing
characteristics and bring the movable contact and oper-
ating mechanism to a smooth stop in approximately 10
milliseconds and within the contact override and re-

bound limits of the design specifications. Each of the

plates 41 in this specific embodiment were manufac-
tured from steel and were approximately 10 centimeters
square, 7 millimeters thick and had a mass of approxi-
mately 600 grams. The plates were permanently magne-.
tized prior to being stacked to form the assembly and
the magnetic field was sufficient to maintain a spacing
of approximately 4 millimeters between adjacent plates.
Magnetic fields as low as 50 to 500 Gauss produced by
each magnetized plate will be sufficient to maintain
proper separation of the plates when stacked horizon-
tally on well lubricated non-magnetic guides.

While the plates 41 in accordance with this specific
embodiment were fabricated from steel and were rect-
angular in shape, any magnetic material of sufficient
hardness and strength to withstand the repeated impacts
and collisions can be employed and the plates can be of
any suitable configuration. Alloys marketed under the
trademark “ALNICO” would be more expensive but
very suitable as plate material since such alloys have
excellent permanent-magnetic properties and are hard
and durable. Such alloys contain iron, nickel, aluminum
and minor amounts of cobalt, copper an/or titanium.
“AINICO 5” has a typical composition of 51% iron,
249, cobalt, 14% nickel, 8% aluminum and 3% copper
and is the preferred alloy of this type. Since alloys in
this general class are somewhat brittle, they may not be
suitable as components for shock-absorbing assemblies
that are subjected to physical impacts of great magni-.
tude since they could crack or fracture under such
mechanical loads. Carbon steel, tungsten steel, chro-
mium steel, cobalt steel, iron-silicon alloys and nickel-
iron alloys are stronger in this respect and are also good
perméanent-magnet materials.

The guide bolts 42 are fabricated from brass, alumi-
num, an aluminum alloy or other suitable non-magnetic
material strong enough to hold the stack of plates 41 in

place.

MAGNETIZED PLATE EMBODIMENTS (FIGS.
7-8)

Two embodiments of the manner in which the steel
plates are to be permanently magnetized to proivde the
magnetic repulsive force required to maintain a spacing
between adjacent plates are shown diagrammatically in
FIGS. 7 and 8.

As illustrated in FIG. 7, if the steel plates 41 are mag-
netized in a direction to create north (IN) and south (S)
poles on the opposing faces of each plate and the plates
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are stacked so that like poles of adjacent plates face one
another, the magnetic flux 46 will extend around the
end portions of each plate 41 from the north pole (N) to
the south pole (S) in such a pattern that the horizontal-
ly-stacked plates will repel one another. The guide bolts
used to mount the horizontally-stacked plates on the
stationary breaker panels 19, 21 1n line with the head 45
of the striker lever 44 are omitted to provide a clear
illustration of the magnetic field pattern.

In the FIG. 8 embodiment, the shock-absorbing as-
sembly 40a has horizontally-stacked metal plates 41ag
that are permanently magnetized in a manner such that
the north () and south (S) poles within each plate 41a
are located at opposite end portions of the plates. Stack-
ing the plates 41a with like poles adjacent one another
produces a flux pattern 48 which extends from one end
of each plate 41¢ and along each of its faces to the
opposite end—thus concentrating the flux in the air gap
between adjacent plates 41a and producing the desired
magnetic repulsion of such plates. The guide bolts are
again omitted for clarity of illustration.

While the repetitive mechanical impacts and colli-
sions of the steel plates 41, 41a during the shock-absorb-
ing operations will tend to gradually demagnetize the
plates and reduce the air gaps separating them, this will
not render the shock-absorbing assembly ineffective
since the ability of the plates to dissipate kinetic energy
and decelerate the equivalent mass of the striker lever
and coupled movable parts of the circuit breaker 1s not
significantly diminished by small variations in the plate
spacing. Even very small interplate spacings permit the
momentum exchanges to occur and dissipate the kinetic
energy in rapid sequential fashion.

In FIG. 9 there 1s shown an alternative shock-absorb-
ing assembly 406 which avoids potential problems that
may be encountered with the previous embodiments in
apphications which subject the magnetized metal plates
to mechanical impacts and vibrations of such magnitude
that severe demagnetization of the plates occurs during
use.

As illustrated, the metal plates 4156 are mounted in
horizontal loosely-stacked freely-movable relationship
on non-magnetic guide members 42b that are secured to
the rear panel 196 and reinforcing panel 215 of the
circuit breaker enclosure. The stacked plates 415 are
disposed to be impacted by the head 456 of the striker
lever 44b when the lever is swung along its arcuate path
by the main operating shaft 346 of the circuit breaker
operating mechanism.

In contrast to the previous embodiments, the metal
plates 415 are not permanently magnetized but are mag-
netized 1n situ by a magnetic field produced by a perma-
nent magnet or an electromagnet having end poles 49;
50 that are located on opposite sides of the stack of
plates 415. As shown in FIG. 9, the magnets 49, 50 are
so designed and oriented that they generate magnetic
flux 51, 52 which induce magnetic poles of the same
polarity within adjacent ends of the plates 416 and mag-
netic poles of the opposite polarity in the other end

portions of the plates. The plates 41 are thus magneti- 60

cally repulsed from one another and separated by air
gaps when the shock-absorbing assembly 4056 is in dor-
mant ‘“‘relaxed” condition.

Since the magnets 49, 50 are external to the stack of
movable plates 415, they are not subject to the demag-
netizing effects of the mechanical shocks experienced
by the plates 415. To facilitate the in situ magnetization
of the plates 415, the plates can be manufactured from

10
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steel or iron alloys that are somewhat “softer’ than
those employed to make the plates used in the other
embodiments. In order to prevent adjacent plates 415
from adhering to one another by residual magnetic
forces produced when the stack of plates is tightly com-
pressed during the breaker-trip operation and subse-
quently returned to its non-compressed *‘relaxed” con-
dition, thin shims 54 of suitable non-magnetic material
(such as brass or aluminum in sheet form) are interposed
between the plates 41b.

As will be apparent to those skilled in the art, the
external magnets 49, 50 can be permanent magnets of
the proper size, shape and strength or electromagnets
powered by an electrical supply provided within the

circuit breaker.

The present ivention significantly reduces the cost
of multiple-impact shock-absorbing assemblies since the

~ cost of permanently magnetizing steel plates is only a
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small fraction of that required to manufacture the thin
wafer-like steel springs employed in the shock-absorb-
ing assemblies disclosed and claimed in the aforemen-
tioned copending application Ser. No. 640,425, U.S.
Pat. No. 4,612,429. |

In addition, mathematical analysis of the shock-
absorbing characteristics of a stack of spaced movable
steel plates has shown that it is the total mass of the
stack and not the individual mass of each plate that
determines the shock-absorbing effectiveness of the
stack. Thus, the plates can be made from sheets of steel
or other magnetic metal thinner than that heretofore
employed to manufacture such shock-absorbing assem-
blies.

I claim:

1. In combination with a circutt interrupter having a
support structure and a movable contact that 1s placed
in make-circuit and break-circuit relationship with a
stationary contact by an operating mechanism having
movable parts, means for decelerating and arresting the
motion of the movable contact and associated movable
parts of the operating mechanism during the contact-
opening stroke of the interrupter after the contacts have
been separated, said means comprising;

a compressible multiple-impact shock-absorbing as-
sembly that is mounted on a stationary part of the
circuit interrupter support structure which 1s proxi-
mate to a movable part of the interrupter operating
mechanism and comprises a series of discrete mag-
netized metal bodies that are disposed in loosely
stacked array, said discrete metal bodies being
freely movable toward and away from one another
and being so magnetized that adjacent bodies mag-
netically repulse one another and said discrete
metal bodies are thereby spaced from each other
and separated by air gaps when the shock-absorb-
ing assembly 1s in relaxed non-compressed condi-
tion, |

means holding said discrete magnetized metal bodies
in loosely-stacked freely-movable array, and

means for impacting said shock-absorbing assembly
comprising a striker that i1s coupled to said movable
part of the interrupter operating mechanism and
disposed to advance toward and move away from
the compressible shock-absorbing assembly during
the contact-opening and contact-closing strokes,
respectively, of the circuit interrupter in synchro-
nism with the movement of the movable contact by
said operating mechanism,
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said compressible multiple-impact shock-absorbing
assembly being so positioned that, at a predeter-
mined time during the contact-opening stroke of
the circuit interrupter, the striker advances toward
and hits the shock-absorbing assembly and moves
along a path which propels the discrete metal body
that is disposed at the end of the assembly which is
located adjacent to and is hit by the striker with
sufficient velocity to overcome the magnetic force
separating the struck discrete metal body from the
adjacent discrete metal body and thus initiate a
series of sequentially-occurring collisions and mo-
mentum exchanges between the respective freely-
movable magnetized discrete metal bodies and the
advancing striker which rapidly and progressively
dissipates the kinetic energy generated by the oper-
ating mechanism and moving contact and thus
quickly stops the advancing striker and terminates
the contact-opening stroke of the circuit inter-
rupter,

the operating mechanism of the circuit interrupter
including a main operating shaft and the striker
being coupled to said main operating shaft, and

the main operating shaft being rotatable and the

- striker comprising a lever which protrudes from
the main operating shaft and being so disposed that

the angular orientation of said lever has a fixed

predetermined relationship to the position of the
movable contact.

2. The combination of claim 1 wherein;

said magnetized spaced-apart discrete metal bodies

are stacked and freely movable along a predeter-
mined axis, and
said lever has a free end portion and is so arranged
that said free end portion strikes the compressible
shock-absorbing assembly and is movable along a
path which extends in substantially the same direc-
tion as the axis along which the discrete metal

~ bodies of the shock-absorbing assembly are stacked
and freely movable.

3. The combination of claim 1 wherein said discrete
magnetized metal bodies are mounted on an upstanding
part of the circuit interrupter support structure and are
stacked along on axis that extends laterally with respect
to the upstanding part of said support structure,

said discrete metal bodies comprising a plurality of

metal plates that are stacked along an axis that 1s
substantially horizontal when the circuit inter-
rupter is disposed in normal use position,

the metal plates being magnetized by a pair of mag-

nets that are disposed on opposite sides of the
stacked plates and being so structured and oriented
that magnetization of at least the proximate edge
portions of the plates is achieved during the con-
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tact-opening stroke of the circuit interrupter with-
out interfering with the compression of the shock-
absorbing assembly and motion of the striker, and

shims of sheet-like non-magnetic material being inter-
posed between adjacent metal plates to prevent
magnetic adherence of the plates when the stacked
plates are compressed and then relieved from com-
pression.

4. A compressible multiple-impact shock-absorbing

assembly adapted for use in a circuit mmterrupter or
other apparatus with movable operating parts that must
be brought to rest within a predetermined travel dis-
tance and period of time after the interrupter or other
apparatus has been tripped or otherwise actuated, said
shock-absorbing assembly comprising:

a series of discrete magnetized metal bodies that are
disposed in aligned loosely-stacked freely-movabie
side-by-side relationship with one another along a
predetermined axis, said discrete metal bodies
being so magnetized that adjacent bodies magneti-
cally repulse one another and said discrete metal
bodies are thereby separated by air gaps, and

means retaining the discrete magnetized spaced-apart
metal bodies in said loosely-stacked relationship
without interfering with the free movement thereof
in a direction along said axis so that the resulting
assembly can be mounted within the circuit inter-
rupter or other apparatus in impacting relationship -
with one of the movable operating parts thereof
and, when thus impacted, initiate a series of sequen-
tially-occurring collisions and momentum ex-
changes between the adjacent discrete metal bodies
and said impacting movable part that rapidly and
progressively dissipates the kinetic energy gener-
ated by the movable operating parts of the inter-
rupter or other apparatus and quickly stops the
motion of said parts,

said discrete magnetized metal bodies comprise plates
of substantially the same size and configuration,

said retaining means comprising a pair of pin-like
members that are secured to an upstanding support
and extend along opposite sides of the stacked
metal plates within aligned loose-fiiting openings in
the associated side portions of said metal plates,

the metal plates being magnetized by a pair of mag-
nets disposed on opposite sides of stacked plates,
and

shims of non-magnetic material being interposed be-
tween adjacent metal to prevent magnetic adher-
ence of the plates when the shock-absorbing assem-
bly is compressed and then automatically returned
to non-compressed condition by the magnetic re-

pulsion of said adjacent metal plates.
* % % %k %
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